The yellow inter-bulb deposits from Scilla nervosa were analyzed by HPLC and found to contain 19 major components. Twelve of the 19 were identified by comparison of R t values with those of authentic homoisoflavonoids and stilbenoids, co-elution and by preparative isolation followed by NMR and MS analyses. Of these, two homoisoflavonoids, 3-(4hydroxyoxybenzyl)-5,7-dimethoxy-6-hydroxychroman-4-one and 3-(4-methoxybenzyl)-6,7-dimethoxy-5-hydroxychroman-4one are new.
In Botswana, the bulbs of S. nervosa are claimed to enhance female fertility. The bulbs are offered for sale in open markets at bus stations and other public places. Our earlier investigation of the dried and powdered bulbs of S. nervosa purchased at the Gaborone bus station in Botswana yielded 13 homoisoflavonoids and three stilbenoids [2a] . Additionally, two homoisoflavonoids and two stilbenoids were reported from whole bulbs of S. nervosa collected in South Africa, raising the total number of secondary metabolites identified from the species to 20 [2b]. Twenty-one homoisoflavonoids are reported from the genus Scilla. S. nervosa is a rich source of homoisoflavonoids, which are reported to have antiinflammatory, antiallergic, antihistaminic, and angioprotective activities [2c] . Some homoisoflavonoids have been found to be potent phosphodiesterase inhibitors [3a] . The wide sale of this important medicinal plant based on the destructive collection of the bulbs/roots, largely from the wild, is a cause of concern for its sustainable use. Successful micropropagation of S. nervosa was reported, which offers alternative ways of generating the plant and to contribute to the sustainable supply of the species [3b].
We have recently initiated a project to develop HPLC profiles of the constituents of this plant. Our approach is to develop a general method, which, with some modifications, may be extended for the analysis of other herbal medicines and preparations. Our choice to investigate the bulbs of S. nervosa was motivated by the availability in our own laboratories of a large number of authentic homoisoflavonoids and stilbenoids isolated from Scilla, as well as other species of the Hyacinthaceae [2c, 4, 5] . Close visual examination of the surfaces of the wet bulb leaves revealed the presence of yellow deposits. Drying of the leaves overnight in an oven (< 50°C) allowed easy removal of the yellow mass. We were intrigued by the possibility that these yellow deposits would probably contain homoisoflavonoid metabolites.
A methanolic solution of these yellow deposits was concentrated and HPLC examination showed NPC Natural Product Communications well separated peaks for 19 major components, twelve of which were fully characterized. Initially, the retention times (R t ) of the components of the extract were compared with those of our collection of authentic homoisoflavonoids and stilbenoids. This allowed tentative identification of compounds 3, 4, and 6-12. Further confirmation for these nine metabolites was made by co-elution of the corresponding authentic compounds and observing the enhancement of the suspected peaks in the HPLC chromatogram. Attempts were then made to conduct preparative procedures on the extract of the yellow leaf deposits. Drying of the leaves overnight in an oven (T< 50°C) allowed easy removal of the yellow mass, which was dissolved in acetone. HPLC examination of the acetone extract showed that it was considerably enriched with the metabolites and the chromatogram was very similar to that of the methanol solution of the yellow materials collected from the bulb leaves. The concentrated acetone extract was used to make a series of ca 50 injections and 19 fractions were collected. Analyses of these fractions by TLC indicated that most of them were mixtures and required further purification by PTLC to obtain pure compounds. This led to the isolation of new homoisoflavonoids 1 and 2, and the known 3, 5, 7, 9 and 10. Homoisoflavonoids 4, 6, and 8, and stilbenoids 11 and 12 were identified by co-elution of the crude extract with authentic samples available in our laboratory.
Compound 1 was isolated as a yellow solid. The EIHRMS of 1 showed a molecular ion peak at m/z 330.1083 (calc 330.1103), consistent with a molecular formula C 18 H 18 O 6 , which was supported by analysis of the 13 C NMR spectrum ( Table 1) . The 1 H NMR spectrum of 1 showed resonances at δ 3.81 and 3.90, each integrating for three protons, indicating the presence of two methoxyl groups. The two double doublet signals in the 1 H NMR spectrum at δ 4.31 and 4.21, with a geminal coupling constant of 11.1 Hz, and correlating to a carbon at δ 69.2 in the HMQC spectrum were assigned to protons at C-2. Both protons showed COSY correlations to a multiplet signal at δ 2.73, assigned to the proton at C-3. There were also two geminal coupled double doublet proton signals at δ 3.14 and 2.64 assigned to C-9 protons. The signal for H-3 also showed COSY correlations with these protons. Both protons showed HMQC correlations with the carbon at δ 31.6. The foregoing data indicated that 1 is a homoisoflavanone. AA'BB' resonances centered at δ 7.12 and 6.81, each 2H (J = 8.4 Hz), were assignable Homoisoflavonoids and stilbenoids from Scilla nervosa Natural Product Communications Vol. 4 (10) 2009 1369 to the 4'-substituted ring B. In the MS, an ion at m/z 196 [C 9 H 8 O 5 ] + assumed to be formed by the expected retro Diels-Alder fragmentation, indicated that ring A is substituted with one OH and two methoxyl groups.
This leaves the remaining OH group to be in ring B, and this was suggested by the MS ion [C 7 H 7 O] + observed at m/z 107. The only singlet signal in the aromatic region at δ 6.36 was assigned to H-8 based on its 2 J HMBC correlations with C-8a and C-7, in addition to the 3 J correlations with C-4a and C6. NOE irradiation of the methoxyl signal at δ 3.90 resulted in enhancement of the signal of H-8 (δ 6.36), further confirming the location of this methoxyl group to be at C-7. The structure of compound 1 was thus established as 3-(4-hydroxyoxybenzyl)-5,7dimethoxy-6-hydroxychroman-4-one.
Compound 2 was also isolated as a yellow solid. The EIHRMS had a molecular ion peak at m/z 344.1249 (calc. 344.1260). From this and analysis of the 13 C NMR spectrum, the molecular formula of C 19 H 20 O 6 was deduced.
The homoisoflavonoid nature of 2 was established from its 1 H NMR spectrum, which is similar to that of 1. Thus signals for one pair of geminally coupled (J = 11.1 Hz) protons at δ 4.31 and 4.12 that have HMQC correlation to δ C 69.2 assignable to C-2 were observed.
Another pair of geminally coupled (J = 13.5 Hz) protons at δ 3.17 and 2.68, both of which show HMQC correlation to δ C 31.5, and assignable to C-9 were also observed. Both sets of protons at C-2 and C-9 showed COSY correlations to a multiplet at δ 2.76 (H-3). The singlet at δ 6.36, assignable to H-8, was indicative of the pentasubstituted nature of ring A. Signals due to protons on ring B showed an AA'BB' [δ 7.22 and 6.90 each 2H (J = 8.4 Hz)] pattern typical of a 1,4-disubstitued benzene ring, indicating the presence of only one substituent on ring B at C-4'. The 1 H NMR spectrum further showed signals for three methoxyl groups at δ 3.81, 3.90 and 3.99. The MS of 2, like that of 1, showed a retro Diels-Alder-derived ion at m/z 196 [C 9 H 8 O 5 ] + , suggesting similar substituents in ring A. However, the ion observed at m/z 107 in 1 was not observed for 2, but instead a prominent ion at m/z 121 [C 8 H 9 O] + was obtained. From these data it was concluded that compound 2 has one methoxyl functionality on ring B and that ring A has two methoxyl and one hydroxyl substituents. NOE irradiation of the methoxyl signals at δ 3.90 and 3.99 resulted in enhancements of the signals at δ 6.36 (H-8) and 6.90 (H-3'5'), respectively. The structure of compound 2, therefore, was established as 3-(4methoxybenzyl)-6,7-dimethoxy-5-hydroxychroman-4-one.
This investigation has revealed that many of the homoisoflavonoid metabolites of the plant are found between the bulb-leaf surfaces. Comparison of the surface extract with that of the whole tissue extract showed that the former method of extraction is simple, clean and contains the majority of the metabolites found by conventional whole tissue extraction [2a] . Compound 5, previously reported from the same species sourced from South Africa, was found in the present study. The yellow deposits also contain two of the three stilbenoids that were reported previously [2a] . Co-elution of three homoisoflavonoids, previously reported from the same plant, were found to have R t values different from the components observed in the chromatogram, and hence are not among the 19 major compounds of the extract. Compound 9, described as the most widely distributed homoisoflavone [2c], was also found in the present study. Although flavonoids are known to occur as leaf surface exudates in certain plants [6] , this is the first report of such a phenomenon in bulb leaves.
Experimental
General experimental procedures: NMR spectra were measured on a Bruker DMX Avance 600 instrument using acetone-d 6 as solvent and internal standard. HR EI-MS were determined on a Waters GCT-Premier spectrometer. For TLC, pre-coated Si gel 60 F 254 plates were used and compounds were detected under UV light and further visualized by spraying with vanillin-sulfuric acid. HPLC analysis was performed with a JASCO HPLC instrument equipped with a quaternary pump and a diode-array detector. Separation of the sample was performed on a Bondclone C18 column (10 μm particles, 3.90 mm i.d. x 300 mm: Phenomenex). The mobile phase was prepared from HPLC grade acetonitrile from Ultrafine (component A) and ultra pure water (component B) containing 0.05% trifluoroacetic acid. The mobile phase composition was 30% A for 20 min, 40%A for 15 min and 60% A for 5 min at a flow rate of 1.2 mL/min. Column temperature was set at 25 o C.
Extraction and HPLC analysis:
The bulbs of S. nervosa were collected from our experimental garden. Bulb leaves with yellow deposits were dried in an oven overnight (T < 50ºC). The yellow deposits were carefully scraped off with a spatula to make the initial methanolic solution for HPLC analysis. For preparative HPLC, fresh leaves of the bulbs (dry weight after extraction = 7 g) were peeled and dipped in 50 mL acetone for about 5 seconds. The solution was filtered through a nylon membrane filter (0.45 μm) and the solvent removed under reduced pressure to yield 159 mg acetone extract. A portion of this was re-dissolved in methanol for injection into the HPLC system.
Ten μL of the acetone extract (77.4 mg/mL methanol) was injected and 19 fractions were collected. This was repeated for a total of ca 50 injections and similar fractions combined. Each fraction was concentrated and examined by TLC (CHCl 3 -MeOH, 9:1). Purification of pooled fractions by prep-TLC (CHCl 3 -MeOH, 9:1) led to the isolation of compounds 1 (1.6 mg), 2 (2.0 mg), 3 (2.8 mg), 5 (10.2 mg), 7 (20.6 mg), 9 (2.3 mg) and 10 (5.2 mg).
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